Evidence for multiple catalytic sites of human acrosin from kinetic evaluation of fructose-induced acrosin inhibition.
Acrosin (acrosomal proteinase; EC 3.4.21.10) is a sperm-specific serine proteinase implicated in sperm penetration of the mammalian oocyte. Previously, we had shown that human acrosin, unlike human trypsin (EC 3.4.21.4), was inhibited by beta-D-fructose and related carbohydrates. The present study was undertaken to more fully elucidate the mechanism of action of fructose as an acrosin inhibitor, and to further differentiate the kinetic properties of acrosin from those of trypsin. Fructose produced a complex pattern of inhibition. At relatively low concentrations (10-60 mM), fructose acted as a competitive inhibitor with an apparent inhibition constant of 13 mM. In contrast, at high concentrations (80-320 mM), fructose behaved as a noncompetitive inhibitor, with an apparent inhibition constant of 205 mM. A Hill plot of enzyme activity as a function of fructose concentration suggested only a single binding site for fructose (slope = -0.90). The pattern of inhibition is not consistent with an enzyme containing only a single catalytic site, based either upon steady-state or rapid equilibrium assumptions; however, good agreement between observed and simulated data were obtained based upon the assumption of two catalytic sites with equal or similar binding and catalytic constants. The data suggested that fructose interacts with a single binding site (Ki = 8 mM) which alters both catalytic sites to produce an enzyme species having a higher apparent Michaelis constant and lower kcat as compared to the uninhibited enzyme. Fructose had no effect upon the rate of acrosin inactivation by either diisopropylfluorophosphate or tosyl-lysine-chloromethylketone, suggesting that neither substrate binding nor acylation were altered by this agent. The above data indicate substantial differences between the catalytic properties of human acrosin and those of trypsin.